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Purpose: The purpose of  this study was to determine the feasibility of  automated con- 
tour analysis of  intravascular ultrasound images obtained after vascular intervention. 
Study design: This was a descriptive study. 
Methods. Intravascular ultrasound images obtained from patients after balloon angio- 
plasty (n = 10), stent (n = 10), or stent graft placement (n = 10) were analyzed. A com- 
parison was made between lumen area measured with an automated and a manual sys- 
tem. The location showing the smallest lumen area derived from the automated system 
was compared with the smallest lumen area selected by visual estimation. 
Results. Images containing a dissection as a result of  balloon angioplasty could not be 
analyzed by the automated system. The coefficient of  variation between the lumen area 
measurements obtained with the automated system and the manual tracing system of 
images with a stent (n = 76) or stent graft (n = 79) was 2.7% and 2.1%, respectively. 
Correlation between the two systems was high (r = 1.00, p < 0.01) both for images con- 
taining stents or stent grafts. Minimum lumen area measured with the automated analy- 
sis system was smaller than minimum lumen area selected by visual estimation (mean dif- 
ference 0.8 mm 2 (4.9%) for stents and 2.4 mm 2 (10.9%) for stent grafts). The location 
of  the smallest lumen area determined with both systems was the same (<1 cm) in 16 
cases and differed more than 1 cm in 4 other cases. 
Conclusions. The automated analysis ystem shows good agreement with manual contour 
analysis of  lumen area in images with a stent or stent graft and is a reliable tool for deter- 
mination of  the smallest lumen area. The system is not able to analyze an irregular- 
shaped lumen area caused by a dissection. (J Vasc Surg 1998;27:486-91.) 
Intravascular u l t rasonography ( IVUS) enables 
visualization of  the blood vessel anatomy before and 
after intervention 14 Quantitative IVUS parameters 
may be used to guide a procedure and evaluate the 
results. At present, accurate measurements can be 
obtained after the individual cross-sections are digi- 
t ized with a manual contour  tracing system.5, 6 
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Because analysis with this system is t ime-consuming, 
an automated analysis system has been developed 
that has the potential to provide reproducible mea- 
surements instantaneously, enabling its use in the 
clinical setting. 7
A good agreement between the automated and 
manual contour tracing system was established for 
the assessment o f  lumen and vessel area on IVUS 
images obtained clinically before intervent ion in 
coronary  and peripheral arteries.8, 9 Our  current 
objective is to focus on the value of  the automated 
system in peripheral arteries showing vascular dam- 
age (i.e., dissections) after balloon angioplasty and in 
peripheral arteries in which endovascular prostheses 
were placed (i.e., stents or stent grafts). 
METHODS 
Study  group.  The study group comprised 30 
patients with peripheral arterial disease who under- 
went  a vascular intervention: bal loon angioplasty 
resulting in a dissection (n = 10), stent placement (n 
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Fig. 1. Automated contour detection of IVUS images. Upper panel, two perpendicular planes 
are used to reconstruct two longitudinal sections (A and B) from digitized IVUS images (step 
1). Automated contour detection of intimal leading edge and external boundary of vessel is 
performed on these longitudinal sections (step 2). Longitudinal contours are represented as
individual edge points in cross-sectional images. These points define center and range of final 
contour detection process on cross-sectional images (step 3). Lower left panel presents stan- 
dard display of lumen area measurements derived from stent graft. Lower right panel, two 
reconstructed longitudinal sections (A and B) correspond to perpendicular planes seen in 
cross-section. 
--- 10), or stcnt graft placement (n = 10). A total of  
21 men and 9 women with a median age of 62 years 
(range, 47 to 86 years) were studied. All patients 
gave their informed consent for the procedures. 
The location of the treated lesion included the 
femoropopliteal rtery (n = 23), iliac artery (n = 2), 
renal artery (n = 3), carotid artery (n = 1), and coeli- 
ac artery (n = 1). Patients were scheduled for inter- 
vention based on obstructive vascular disease proven 
on angiographic evaluation (diameter stcnosis 
>50%) (n = 25) or an aneurysm (n = 5). 
Balloon angioplasty was performed with 4-cm 
long 6 mm balloons (Opta, Cordis Europe, Rodcn, 
The Netherlands). 
The following stents were used: Palmaz 
(Johnson and Johnson Interventional Systems, 
Warren, N.J.) in seven patients, Memothcrm 
(Angiomcd, Nitinol, Karlsruhc, Germany) in two 
patients, and a Wallstcnt (Schneider, Zurich, 
Switzerland) in one patient. 
Stent grafts used were composed of  one or more 
stents (Palmaz) and a thin-walled polytetrafluo- 
roethylene graft (W.L. Gore & Associates, Flagstaff, 
Ariz.). The length of  the treated segment was 
recorded with the help of a radiopaque ruler. 
IVUS imaging. The IVUS studies were per- 
formed with a mechanical IVUS system based on a 
single ultrasound clement (30 MHz); the tomograph- 
ic image is produced by a rotating element, which is 
mounted on a guidewirc-tippcd 4.3F catheter 
(DuMED, Rijswijk, The Netherlands). The axial reso- 
lution of the system is 80 btm, and the lateral resolu- 
tion is better than 225 pm at a depth of i mm. 
The ultrasound catheter was introduced through 
a sheath with the guide wire into the artery distal to 
the region of interest. During slow pullback of the 
ultrasound catheter its location was compared with 
the radiopaquc ruler with the use of fluoroscopy. 
The fluoroscopic image was mixed with the IVUS 
information. The resulting images were recorded on 
an S-VHS videotape. 
Automated  analysis. The automated analysis 
system 7 uses a Pentium (100 MHz) system with 32 
Mbytes of  internal random access memory. IVUS 
data were acquired continuously from the S-VHS 
video with a framcgrabbcr (DT-3852; resolution 
800 x 600 x 8 bits). Images obtained in the dilated 
segment, stcnt, and stent graft were selected for 
analysis (from proximal to distal border). A maxi- 
mum of 200 IVUS cross-sections was stored per ves- 
sel segment. In short, the analysis procedure could 
be divided into three steps (Fig. 1). First, a sequence 
of  IVUS images was digitized, and two perpendicu- 
lar planes parallel to the longitudinal axis of  the ves- 
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Fig. 2. Identical IVUS cross-sections showing dissection with results of manual and automat- 
ed analysis. Left panel shows manually assessed contour of lumen area. Middle and right 
panels show two incorrect analyses of lumen area derived with automated system. 
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Fig. 3. Comparison of automated and manual analysis of lumen area in stents and stent grafts. 
Left panel, linear regression analyses comparing lumen area obtained with automated and 
manual contour tracing system. Right panel, differences between measurements obtained 
with two systems plotted against mean of two measurements. 
sel were selected to reconstruct longitudinal views. 
The user was able to select the angle and location of  
the perpendicular planes within the artcrial lumen. 
Second, the program defined the contours of  lumen 
and vessel area on these longitudinal planes by 
applying a min imum cost algorithm. In brief, a 
matrix is yielded from the digitized images, produc- 
ing low values (costs) for large changes in echo 
intensity. Through this matrix the algorithm deter- 
mined a path with the smallest accumulated cost, 
which represents the contours. Third, the longitudi- 
nal contour information was transformed to the 
cross-sections defining four guiding points. These 
points were used to facilitate contour detection of  
lumen and vessel area on each individual cross-sec- 
tion. During all steps the analysis could be refined by 
the user. The results were presented in a graph con- 
raining the measurements of  each individual cross- 
section (Fig. 1). 7 
Manual  contour  analysis. This analysis system, 
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Fig. 4. Interobserver variability of lumen area measurements in stents and stent grafts. 
Interobserver differences are plotted against mean of two measurements. 
developed on an IBM-compatible PC/AT,  uses a 
DT 2851 framegrabber and a PC mouse for manual 
contour tracing.5, 6 The analysis program consists of  
three main steps: image acquisition, contour tracing, 
and parameter calculation. For image acquisition 
video signals from the VHS videotape were convert- 
ed into 512 x 512 x 8 bits digital images with a 
framegrabber and stored on the hard disk of the PC. 
Manual tracings of  the circumferential outline were 
processed by the computer to produce a smoothed, 
connected, closed contour. Parameter calculations 
were automatically performed after the contour was 
completed or modified. 
Quant i tat ive  analysis. Measurement of  the 
lumen area was performed with both the automat- 
ed analysis ystem and the manual analysis system. 
Lumen area was defined as the area encompassed 
by the inner boundary of  the intimal surface (char- 
acterized also by the presence of  flowing blood) or 
the inner surface of  the stent or stent graft. Within 
the selected vessel segment a maximum of 200 
images was analyzed with the automated system. 
Because the length of the selected vessel segments 
was not fixed, the interval between consecutive 
images in each vessel segment differed. The loca- 
tion and size of  the smallest lumen area were 
selected from these images by the automated analy- 
sis system. From each vessel segment six to eight 
cross-sections were analyzed manually at a 0.5 to 
1.0 cm interval including the visually determined 
smallest lumen area within each artery. To assess 
the interobserver variability for lumen area of  the 
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Table I. Paired difference and coefficient of  varia- 
tion between the lumen area measurements 
obtained by automated analysis and manual con- 
tour tracing 
Lumen area (mm 2) 
Stems Stent grafts 
(n=76) (n=79) 
Automated 21.78 _+ 7.34 32.68 + 23.90 
Manual 22.00 _+ 7.38 33.25 ± 24.15 
Paired difference -0.24 +_ 0.59 -0.57 ± 0.70 
Coefficient of variation (%) 2.7 2.1 
p Value <0.01 <0.01 
Correlation coefficient (r) 1.00 1.00 
automated system, the analysis was repeated by a 
second blinded observer. 
Data analysis. Systematic differences between 
the automated and manual contour measurements 
and between the interobserver measurements were 
analyzed with the Student's t test for paired obser- 
vations; the agreement was expressed as a coefficient 
of variation, defined as the SD of the paired differ- 
ence divided by the mean of  the absolute value. 
Linear regression analysis was performed to assess 
the strength of the relation between the two meth- 
ods and between the interobserver measurements. A 
p value <0.05 was considered statistically significant. 
Values are given as mean _+ SD. 
RESULTS 
Automated versus manual. In all patients with 
dissection after balloon angioplasty (median length 
10.5 cm), automated analysis of  the lumen area 
could not be achieved because of the inability of the 
automated system to follow the irregular lumen con- 
tour (Fig. 2). In contrast, irregular lumen contours 
could be traced by the manual analysis ystem. 
The IVUS recordings were adequate for auto- 
mated analysis in patients with stent (n = 10) or stent 
graft (n = 10). The median length of the stents was 
2 cm (range, 1.5 to 9.0 cm); the median length of 
the stent grafts was 8 cm (range, 2.5 to 15 cm). 
Results of the automated and manual contour trac- 
ing are summarized in Table I. Automated analysis 
resulted in significantly smaller lumen area than 
manual analysis (mean difference 0.24 _+ 0.59 mm 2 
and 0.57 _+ 0.70 mm 2, respectively for stents and 
stent grafts; p < 0.01); the coefficients of  variation 
were low (2.7% and 2.1%, respectively). The correla- 
tion between the two systems for lumen area mea- 
surement was high (r = 1.00) (Fig. 3). 
Smallest lumen area. The minimum lumen area 
measured with the automated analysis system was 
smaller than that measured with the manual analysis 
system both for stents (mean difference 0.8 + 1.1 
mm 2) and stent grafts (mean difference 2.4 + 1.7 
mm2). The location of the smallest lumen area as 
determined by the automated system and by visual 
estimation corresponded closely in 16 instances (dif- 
ference <1 cm). In four stent grafts the distance 
found for the site with the smallest lumen area was 1 
cm, 1.3 cm, 6 cm, and 8 cm, respectively; the differ- 
ence in lumen area at these sites was 3 mm 2 (22.2%), 
1.1 mm 2 (13.1%), 0.6 mm 2 (3.6%), and 2 mm 2 
(12.7%), respectively. 
Interobserver variability. The mean difference 
for lumen area measurements of the automated sys- 
tem was less than 1% in both stents and stent grafts 
(0.18 + 0.63 mm 2 and 0.08 _+ 0.79 mm2, respec- 
tively; p < 0.01) (Fig. 4); the coefficient of  variation 
was 2.8% for lumen area in stents and 2.9% for 
lumen area in stent grafts. 
DISCUSSION 
Intravascular ultrasonography is a valuable tool 
in clinical practice to assist in decision making dur- 
ing vascular procedures. To objectively determine 
vessel dimensions on-line, an automated analysis 
system has been developed. This system enables the 
calculation of  vascular dimensions o f  an individual 
cross-section and of  the complete recorded vessel. 
Previous studies indicated that automated contour 
analysis provides reliable and reproducible measure- 
ments of  vessel dimensions in IVUS images 
obtained before vascular intervention of  coronary 
and peripheral arteries is performed.S, 9 In this study 
the reliability of the automated analysis system for 
area measurement in IVUS images obtained after 
intervention was studied. We learned that automat- 
ic analysis of lumen area in IVUS images showing a 
dissection was not feasible; this was because of  the 
minimum cost algorithm. Sharp edges in the lumen 
or media border could not be followed, and protru- 
sions inside the lumen were missed. These problems 
may be overcome in the future by the use of  edge 
detection algorithms that are currently being devel- 
oped.10,11 In contrast, in the presence of  smooth- 
shaped lumen borders as seen in stents and stent 
grafts, the variability between the automated and 
manual contour tracing system for lumen area was 
low (coefficient of  variation is 2.7% and 2.1%, 
respectively); these data are similar to those calcu- 
lated from coronary arteries studied in vitro 
(2.2%). 8 In peripheral arteries studied in humans 
before intervention, a higher coefficient of variation 
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(11.3%) was found 9 likely as a result of  the presence 
of flowing blood and the absence of  a clear lumen- 
wall interface. Although this study revealed that the 
automated analysis system draws significantly small- 
er area contours than manual contour analysis, it 
seems that the practical difference between the two 
systems was too small to influence the interpretation 
of the measurements. 
In addition, the difference in the smallest lumen 
area found between the automated and the manual 
analysis systems was larger than the differences 
between the two systems for all analyzed cross-sec- 
tions. This result suggests that the automated analy- 
sis system is able to accurately locate the smallest 
lumen area and that visual estimation can miss the 
actual smallest lumen area. Although manual estima: 
tion of  the smallest lumen area was within 1 cm of 
the location assessed by the automated system in 16 
cases, the distance was larger in 4 of the studied stent 
grafts. It should be noted that visual estimation of 
the location of minimum lumen area is subjective, 
which might prelude distinguishing area differences 
<20%. 
In this study the interobserver variability of auto- 
mated analysis after stent or stent graft placement 
was excellent (coefficient of  variation was 2.8% and 
2.9%, respectively). Similar values were found in 
coronary arteries studied in vivo (2.6%). 12 In periph- 
eral arteries studied before intervention a higher 
interobserver variability was reported (11.3%)9; this 
result might be attributed to the distinct lumen/wall 
border in stents and stent grafts compared with 
native vessels. 
CONCLUSION 
The automated analysis system is a reliable tool 
to determine lumen area in peripheral vessels in 
which endovascular prostheses were placed. 
Accurate data on the size of the stent and stent graft 
and on the location of the smallest lumen area may 
assist in decision making during vascular procedures. 
The automated system cannot be used in vessels 
with a dissection because of  an irregular-shaped 
lumen area. 
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